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DROPLET-SIZE  CHARACTERIZATION  OF  HANDHELD  ATOMIZATION 
EQUIPMENT  TYPICALLY  USED  IN  VECTOR  CONTROL1 

W.  CLINT  HOFFMANN,2  TODD  W.  WALKER,3  VINCE  L.  SMITH,3  DAN  E.  MARTIN2 
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ABSTRACT.  The  atomization  characteristics  of  4  handheld  sprayers  (Leco  P-1,  Colt  ULV  Aerosol 
Generator,  ULVAFAN  MK2,  Turbair  ElectraFan  12)  and  a  Stihl  SR400  backpack  sprayer  were  evaluated 
with  the  use  of  water-  and  oil-based  solutions.  The  effects  on  droplet-size  spectrum  (i.e.,  droplet  size)  for  3 
insecticides  (Tempo  SC  Ultra®,  Anvil  10+10®,  and  Aqua-Reslin®)  were  also  evaluated.  Generic  solutions 
were  used  to  simulate  the  physical  properties  of  the  active-ingredient  solutions  in  some  tests.  Significant 
differences  were  observed  in  the  droplet  spectrum  generated  by  the  different  sprayers.  The  volume  median 
diameter  of  the  equipment  tested  ranged  from  14.9  to  90.5  pm  for  the  water-based  solutions  and  from  1 1.7  to 
92.4  pm  for  the  oil-based  solutions.  The  Colt  ULV  sprayer  was  the  only  one  tested  that  complied  with  label 
requirements  for  aerosols,  yielding  acceptable  Dvo.s  values  of  14.9-16.0  pm  with  water-based  Aqua-Reslin 
and  14.1  pm  with  Anvil  10+10.  The  information  presented  will  allow  equipment  operators  to  make  an 
informed  decision  when  selecting  equipment  and  operational  parameters. 
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INTRODUCTION 

Although  there  have  been  numerous  studies  to 
determine  the  optimum  or  best  droplet  size  to 
maximize  vector  control  efforts  (Himel  1969, 
Lofgren  et  al.  1973,  Curtis  and  Beidler  1996, 
Crockett  et  al.  2002),  fewer  studies  have  detailed 
specific  droplet-size  spectra  for  specific  equip¬ 
ment  (Younglove  and  McCool  1994,  Brown  et  al. 
1998).  Droplet  size  can  be  measured  with  water- 
sensitive  cards  (Hoffmann  and  Hewitt  2005), 
Teflon™  or  magnesium  oxide  slides  (Mount  et 
al.  1970,  Meisch  et  al.  2005),  laser-based  systems 
(Picot  et  al.  1985,  Young  1986),  or  hot-wire 
systems  (Brown  et  al.  1998).  Numerous  research¬ 
ers  have  also  evaluated  specific  products  for  their 
efficacy  on  controlling  different  species  of  mos¬ 
quitoes  (Inman  et  al.  1997,  Ham  et  al.  1999, 
Crockett  et  al.  2002).  Electrostatic  nozzles  gener¬ 
ate  charged  droplets  that  have  been  found  to 
increase  deposition  on  both  plants  (Coffee  1979) 
and  artificial  targets  (Lane  and  Law  1982). 
Electrostatic  nozzles  were  found  to  increase  adult 
mortality  and  deposition  on  cages  under  aerosol 
treatment  conditions  (Ham  et  al.  1999). 

The  physical  properties  of  the  spray  solution, 
such  as  viscosity  and  dynamic  surface  tension, 
have  long  been  recognized  as  one  of  the  dominant 
factors  controlling  atomization  of  a  liquid 
(Threadgill  et  al.  1975,  Bouse  et  al.  1990). 


1  Mention  of  a  trademark,  vendor,  or  proprietary 
product  does  not  constitute  a  guarantee  or  warranty  of 
the  product  by  the  USDA  or  US  Navy,  and  does  not 
imply  its  approval  to  the  exclusion  of  other  products 
that  may  also  be  suitable. 

2  USDA-ARS-Areawide  Pest  Management  Research 
Unit,  2771  F&B  Road,  College  Station,  TX  77845. 

3  US  Navy,  Disease  Vector  Ecology  and  Control 
Center,  Box  43,  Building  937,  Jacksonville,  FL  32212. 


Therefore,  applicators  must  be  aware  of  the 
physical  characteristics  of  applied  materials  and 
how  changes  in  spray-solution  physical  proper¬ 
ties,  which  can  be  caused  by  dilution,  affect  spray 
droplet-size  spectra. 

When  comparing  the  results  presented  in  this 
manuscript  to  previously  reported  results,  there 
are  several  factors  to  consider.  Most  available 
literature  related  to  droplet-size  assessment  re¬ 
ports  only  results  from  Teflon-coated  or  magne¬ 
sium  oxide  slides.  These  slides  were  generally 
placed  at  distances  of  3-10  m  from  the  sprayer 
and  may  or  may  not  have  been  placed  on 
a  rotating  mechanism.  The  distance  from  the 
sprayer  has  a  significant  effect  on  the  droplets 
measured.  Droplets  that  are  greater  than  50  pm 
are  generally  not  considered  aerosol  droplets; 
therefore,  these  droplets  have  a  great  propensity 
of  “settling  out”  or  depositing  on  the  ground 
before  reaching  a  slide  located  3-10  m  from  the 
sprayer.  Settling  out  of  the  large  droplets  biases 
the  droplet  spectrum  results  toward  smaller 
droplets  measured  by  samplers  placed  away  from 
the  sprayer.  Droplets  that  remain  in  the  air, 
particularly  those  <15  pm,  can  have  low  collec¬ 
tion  efficiencies  onto  samplers  (Rathburn  1970) 
and  may  be  undersampled  by  slide  analyses 
methods.  Although  most  of  the  equipment 
evaluated  in  these  studies  produce  aerosol  dro¬ 
plets,  others  can  be  used  in  making  barrier 
treatments,  i.e.,  larger  droplets.  The  equipment 
was  selected  based  on  its  ability  to  be  carried  by  1 
person  and  nett  the  type  of  spray  droplet  spectra  it 
produced,  as  this  was  not  known  prior  to  these 
studies.  The  objective  of  this  study  was  to  use 
a  laser-based  droplet  analysis  system  to  evaluate 
the  droplet  spectrum  characteristics  generated  by 
several  handheld  atomization  systems  for  water- 
and  oil-based  formulations. 
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Fig.  1.  Testing  of  handheld  atomizer  equipment 
showing  a  vertical  traverse  of  the  spray  plume  from  the 
atomizer  through  the  laser  beam  of  the  droplet¬ 
sizing  system. 

MATERIALS  AND  METHODS 

Thirty-five  (35)  replicated  spray  tests,  com¬ 
prised  of  5  atomizers  and  7  spray  formulations, 
were  completed  for  this  study  over  a  2-day 
period.  Four  handheld  sprayers  and  1  backpack 
sprayer  were  selected  from  equipment  that  is 
commonly  used  for  vector  and  flying  insect 
control  applications.  The  7  formulations  were 
divided  into  2  groups,  water  or  oil  based.  Because 
of  time  constraints  and  logistical  considerations, 
every  combination  of  sprayer  and  formulation 
could  not  be  tested.  The  specific  testing  protocol, 
spray  formulations,  equipment  tested,  and  phys¬ 
ical  property  measurement  procedures  are  dis¬ 
cussed  in  the  following  sections. 

Testing  protocol 

For  each  combination  of  handheld  atomizer 
and  spray  formulation,  3  independent  replica¬ 
tions  were  conducted.  A  replication  is  comprised 
of  operating  the  atomizer  for  30  sec  at  a  distance 
of  30  cm  (12  in.)  from  the  laser  beam  of  the 
droplet  measuring  system.  During  the  30  sec,  the 
spray  plume  emitted  by  the  atomizer  was  moved 
vertically  up  and  down  so  that  the  entire  spray 
plume  traversed  the  laser  beam  3  times  (Fig.  1). 
Appropriate  personal  protective  equipment,  such 
as  respirators,  gloves,  goggles,  and  Tyvex  suits, 
were  worn  during  all  tests  containing  active 
ingredients. 

Droplet-sizing  system 

A  Sympatec  Helos  laser-diffraction  droplet¬ 
sizing  system  (Sympatec  Inc.,  Clausthal,  Ger¬ 
many)  was  utilized  in  this  study.  The  Helos 
system  uses  a  623  nm  He-Ne  laser  and  was  Fitted 
with  an  R5  lens,  which  made  the  dynamic  size 
range  from  0.5  to  875  pm  in  32  sizing  bins.  The 
most  common  term  used  to  describe  spray 
droplet-size  spectra  is  volume  median  diameter 


(Dvo.s),  which  is  the  droplet  diameter  (pm)  where 
50%  of  the  spray  volume  or  mass  is  contained  in 
droplets  smaller  than  this  value.  DVo.i  and  DVo.» 
values,  which  describe  the  proportion  of  the  spray 
volume  (10%  and  90%,  respectively)  contained  in 
droplets  of  the  specified  size  or  less,  were  also 
measured.  Because  droplets  50  pm  and  smaller 
are  generally  considered  to  be  aerosol  droplets 
(Matthews  1988),  the  percent  of  spray  volume 
contained  in  droplets  less  than  52  pm  (%vol 
<52  pm)  was  calculated  for  all  tests.  The  52-pm 
value  was  selected  because  it  is  a  definitive  edge  in 
one  of  the  sizing  bins  used  in  the  Helos  software 
package.  The  term  (%vol  <52  pm)  allows  the 
user  of  this  equipment  to  determine  the  portion  of 
the  applied  material  that  will  most  likely  stay 
aloft  after  an  application  and  potentially  impinge 
on  a  flying  insect. 

The  Army  Insecticide  Measuring  System  (KLD 
Labs,  Inc.,  Huntington  Station,  NY)  was  not 
available  during  this  study.  This  system  is 
commonly  used  in  making  droplet-size  measure¬ 
ments  of  vector  control  equipment.  The  authors 
hope  to  incorporate  this  instrument  in  future 
studies. 

Spray  formulations 

Seven  different  spray  formulations  (Table  1) 
were  evaluated.  The  active-ingredient  formula¬ 
tions  were  selected  by  choosing  products  that  are 
commonly  used  in  vector  control  scenarios  in  the 
USA.  The  products  used  were  Aqua-Reslin® 
(Permethrin  and  Piperonyl  Butoxide,  Bayer 
Environmental  Science.  Montvale,  NJ),  Tempo 
SC  Ultra®  (p-Cyfluthrin.  Bayer  Environmental 
Science,  Montvale,  NJ),  and  Anvil  10+10® 
(Sumithrin,  Clarke  Mosquito  Control  Products, 
Roselle,  IL).  Dilution  and  flow  rates  utilized  in 
these  tests  were  similar  to  those  recommended  by 
the  manufacturers  for  mosquito  control  by  aero¬ 
sol  or  ultra-low  volume  (ULV)  applications.  Two 
of  the  solutions  are  used  as  mimics  of  real-world 
solutions.  There  were  2  main  purposes  for  testing 
mimics.  The  1st  was  to  limit  the  use  of  active 
ingredients  at  the  test  site.  The  2nd  reason  was  to 
evaluate  the  mimics  as  possible  spray  solutions 
that  could  be  used  during  calibration  of  spray 
equipment.  This  would  greatly  limit  worker 
exposure  during  calibration  procedures  and  re¬ 
duce  site  contamination  at  locations  where 
sprayers  are  routinely  calibrated.  These  mimics 
or  generic  sprays  are  further  discussed  in  the 
Results  and  Discussion  section. 

Equipment 

The  5  handheld  atomizers  evaluated  in  these 
tests  are  detailed  below. 

Colt  ULV  Aerosol  Generator  (London  Fog, 
Inc.,  Long  Lake,  MN):  The  system  is  handheld 
and  is  powered  by  a  Fox  F-7  2-cycle  engine.  The 
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Table  1. 

Spray  formulations  and  dilution  rates  used  in  the  atomization  studies. 

Formulation 

Description 

Rate  added  to  1  liter  of  water1 

Triton  X-100 

Water  solution  with  Triton  X-100  at  0.1%  v/v 

37.8  ml 

Tempo  SC  Ultra® 

Water  solution  with  Tempo  SC  Ultra  at  0.03%  v/v 

3.2  ml 

Aqua-Reslin®  1:44 

Water  solution  with  Aqua-Reslin  at  2.2%  v/v 

22  ml 

Aqua-Reslin  1:1 

Water  solution  with  Aqua-Reslin  at  50%  v/v 

500  ml 

Aqua-Reslin  1:3 

Water  solution  with  Aqua-Reslin  at  25%  v/v 

250  ml 

BVA  ULV  Oil  13 

Oil  solution  with  only  BVA  ULV  Oil  13 

n/a 

Anvil  10+10® 

Oil  solution  with  only  Anvil  10+10 

n/a 

1  n/a,  not  applicable  (no  water  added  to  mixtures). 


Colt  weighs  19  lb  (8.6  kg).  Flow-rate  metering  is 
done  by  orifice  discs  (Nos.  16,  22,  and  24).  The 
No.  16  orifice  was  used  to  provide  a  flow  rate  of 
ca.  1  fl  oz/min  (29  ml/min). 

Leco  P-1  (Lowndes  Engineering  Co.,  Valdosta, 
GA):  This  blower-pressurized  system  is  handheld 
and  is  driven  by  a  Robin  2-cycle  engine  with  a  net 
weight  of  17  lb  (7.7  kg).  It  has  4  adjustable  flow 
rate  settings  (1/4,  1/2,  3/4,  and  full).  The 
equipment  was  set  at  the  1/2  setting  to  provide 
a  ca.  1  fl  oz/min  (29  ml/min)  flow  rate. 

Stihl  SR400  backpack  sprayer  and  duster  (Stihl, 
Waiblingen,  Germany):  This  is  a  backpack  mist- 
blower  powered  by  a  2-cycle  STIHL  engine.  It 
has  a  net  weight  of  24.0  lb  (10.9  kg).  The  sprayer 
has  6  metering  nozzle  settings  to  adjust  flow 
rate.  When  all  6  settings  were  utilized,  the  1 
setting  provided  a  ca.  1  fl  oz/min  (29  ml/min) 
flow  rate. 

Turbair  ElectraFan  12  (Micron  Sprayers  Ltd., 
Bromyard,  Herefordshire,  UK):  This  is  an  air- 
assisted  spinning-disc  controlled  droplet  applica¬ 
tion  system  powered  by  a  12-V  DC  battery.  The 
system  with  a  full  bottle  weighs  7.2  lb  (3.25  kg). 
The  battery  weighs  14.5  lb  (6.6  kg).  Flow-rate 
metering  is  done  by  feed  nozzles  (0.9,  1.1,  1.3,  1.4, 
1.6,  and  2.0  mm  orifice  diameters).  The  0.9  nozzle 
was  used  to  deliver  a  flow  rate  of  ca.  1  fl  oz/min 
(29  ml/min). 

ULVAFAN,  Dram  Model  MK2  (Micron 
Sprayers  Ltd.):  The  ULVAFAN  is  a  handheld, 
air-assisted  spinning-disc  spray  system.  It  is 
powered  by  a  12-V  DC  battery.  Flow  metering 
is  done  by  feed  nozzles  (4  color-coded  nozzles). 
The  orange  nozzle  was  used  to  provide  a  flow  rate 
of  ca.  1  fl  oz/min  (29  ml/min). 

Two  additional  tests  were  conducted  with  the 
use  of  an  air-assisted  electrostatic  nozzle  (Spec¬ 
trum  Electrostatic,  Inc.,  San  Antonio,  TX)  fitted 
onto  the  outlet  of  the  Stihl  400.  There  are  no  1-6 
settings  for  the  spray  outlet  once  the  electrostatic 
nozzle  is  placed  on  the  Stihl  400.  This  nozzle 
inducts  an  electrostatic  charge  onto  the  spray 
droplets.  Brown  et  al.  (1997)  reported  a  DVo.s  for 
the  Spectrum  Electrostatic  nozzle  of  51.7  pm 
when  the  nozzle  was  fitted  to  a  Hudson  Porta- 
Pak®  sprayer. 


Physical  property  measurements 

Dynamic  surface  tension  was  measured  with 
a  SensaDyne  Surface  Tensiometer  6000  (Chem- 
Dyne  Research  Corp.,  Mesa,  AZ)  with  the  use  of 
the  maximum  bubble  pressure  method.  The  gas 
flow-rate  settings  were  varied  until  surface  age 
values  less  than  and  greater  than  0.02  sec  were 
found.  Then,  a  table  of  percent  flow-rate  settings 
was  built  in  5%  increments  to  include  the 
previous  settings.  This  table  was  calibrated  with 
the  use  of  100%  ethanol  and  pure  water.  The 
probes  were  lowered  into  the  sample  and  the 
dynamic  surface  tension,  bubble  rate,  bubble  age, 
and  temperature  were  measured  at  each  setting  in 
the  table.  The  dynamic  surface  tension  at  20  msec 
was  linearly  interpolated  from  the  results.  The 
tests  were  replicated  3  times. 

Viscosity  of  each  of  the  spray  solutions  was 
measured  with  a  Brookfield  Synchro-Lectric 
Viscometer  (Model  LVT,  Brookfield  Engineer¬ 
ing,  Middleboro,  MA)  with  the  use  of  a  UL 
adapter  0.1-100  cps  range.  The  spindle  was 
inserted  into  the  sample.  The  motor  was  started 
and  run  until  the  dial  reading  stabilized  and  the 
reading  was  recorded. 

RESULTS  AND  DISCUSSION 

The  physical  properties  and  drople-sizing 
results  for  water-based  and  oil-based  sprays  are 
presented,  followed  by  a  comparison  of  pre¬ 
viously  reported  results  to  this  study’s  results. 

Physical  properties 

The  physical  properties  of  a  spray  are  one  of 
the  most  important  factors  that  affect  atomiza¬ 
tion  of  a  spray  (Butler  et  al.  2001).  Because  a  large 
number  of  tests  were  conducted  in  this  study,  it 
was  desirable  to  use  solutions  that  mimicked 
active-ingredient  sprays  but  did  not  contain  active 
ingredients  to  limit  the  exposure  of  the  testing 
personnel  and  the  environment  to  these  active 
ingredients.  The  physical  properties  of  all  the 
solutions  tested  are  shown  in  Table  2,  where 
water  is  listed  only  as  a  reference.  The  addition  of 
Triton  X-100  at  a  0.1%  rate  to  water  was  found 
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Table  2.  Physical  properties  of  spray  solutions  tested. 


Spray  solution 

Dynamic  surface 
tension 

(mN/m  @  20  msec) 

Viscosity 
(cP  @  20°C) 

Water 

73 

1.0 

0.1%  Triton  X-100 

48.1 

.  1.1 

Tempo  SC  Ultra® 

72.8 

1.1 

Aqua-Reslin®  1:44 

49.7 

1.1 

Aqua-Reslin  1:1 

38.6 

9.0 

Aqua-Reslin  1:3 

40.5 

1.3 

BVA  13  ULV  Oil 

33.9 

17.1 

Anvil  10+10® 

34.4 

13.9 

to  mimic  the  physical  properties  of  the  Aqua- 
Reslin  solution  except  for  the  1 : 1  dilution,  which 
had  a  much  higher  viscosity.  Because  only  3.2  ml 
of  the  Tempo  SC  Ultra  were  added  to  the  spray 
solution,  there  was  a  very  minimal  change  of  the 
physical  properties  as  compared  to  water.  BVA 
13  ULV  Oil  (Adapco,  Inc.,  Sanford,  FL)  had 
physical  properties  very  similar  to  Anvil  10+10. 

Water-based  sprays  atomization  results 

There  was  a  wide  range  in  droplet  spectrum 
generated  by  the  spray  equipment  tested  for  the 
water-based  spray  solutions  (Table  3).  The  Colt 
ULV  sprayer  generated  the  smallest  DVo.s 
(14.9  pm),  whereas  the  ULVAFAN  sprayer  gen¬ 
erated  the  largest  DVo.s  (90.5  pm).  The  Triton  X- 


100  solution  had  essentially  the  same  atomization 
characteristics  as  the  Aqua-Reslin  solutions.  The 
settings  (1-6)  on  the  Stihl  SR400  control  the  flow 
rate  and  had  a  significant  effect  on  the  droplet 
atomization  properties  with  droplet  size  increas¬ 
ing  as  the  flow  rate  increased.  The  7 1.1 -pm  Dv05 
for  the  electrostatic  nozzle  was  higher  than  the 
previously  reported  value  of  51.7  pm;  however, 
a  different  backpack  unit  was  tested  in  this  study. 

Although  the  Tempo  SC  Ultra  product  label 
does  not  specify  droplet-size  requirements,  the 
Aqua-Reslin  product  label  specifically  states  that 
the  “optimum  droplet  size  range  is  from  8  to 
30  microns  by  the  volume  median  diameter 
(VMD)  calculation.”  The  Colt  ULV  sprayer 
was  the  only  piece  of  equipment  to  meet  this 
recommendat  ion . 


Oil-based  sprays  atomization  results 

A  wide  range  in  droplet  spectra  was  generated 
by  the  different  spray  equipment  for  the  oil-based 
spray  solutions  (Table  4).  The  Colt  ULV  sprayer 
generated  the  smallest  DVo.s  (11.7  pm),  whereas 
the  ULVAFAN  sprayer  generated  the  largest 
Dyo.5  (92.4  pm).  The  BVA  13  ULV  Oil  solution 
had  essentially  the  same  atomization  character¬ 
istics  as  the  Anvil  10+10  solutions.  With  the  Stihl 
SR400  set  at  setting  6,  the  BVA  13  ULV  Oil 
solution  produced  a  DVo.s  and  a  %vol  <  52  pm  of 


Table  3.  Atomization  parameters  for  water-based  sprays. 


Dyo.I 

Dvo.5 

Uyo.9 

%vol 

Sprayer 

Spray  solution 

(pm  ±  SD) 

(pm  ±  SD) 

(pm  ±  SD) 

<  52  pm 

Colt  ULV 

Aqua-Reslin®  (1:1) 

9.7 

1.8 

16.0 

4; 

1.6 

26.7 

4; 

2.2 

99.2 

Colt  ULV 

Aqua-Reslin  (1:3) 

9.6 

± 

1.6 

14.9 

4^ 

0.6 

23.3 

3.0 

99.9 

Leco  P-1 

Aqua-Reslin  (1:1) 

33.6 

+ 

1.9 

75.3 

4- 

6.3 

137.3 

5.8 

25.3 

Leco  P-1 

Aqua-Reslin  (1:3) 

32.6 

4; 

3.5 

71.8 

4; 

4.6 

113.1 

4; 

6.0 

26.2 

Stihl  SR400 

Setting  1 

0.1%  Triton  X 

18.0 

0.3 

52.1 

4- 

0.8 

102.6 

4- 

2.5 

50.5 

Setting  2 

0.1%  Triton  X 

21.0 

4- 

0.2 

60.0 

4; 

0.3 

118.4 

-U 

1.4 

42.0 

Setting  3 

0.1%  Triton  X 

23.6 

4- 

0.4 

67.6 

4- 

1.2 

138.1 

3.6 

35.9 

Setting  5 

0.1%  Triton  X 

25.5 

1.1 

74.1 

4- 

3.3 

160.9 

4; 

1.5 

32.0 

Setting  6 

0.1%  Triton  X 

27.2 

1.2 

78.5 

4; 

2.9 

166.3 

8.8 

29.4 

Stihl  SR400 

Setting  1 

Tempo  SC  Ultra® 

22.4 

± 

0.6 

62.1 

4; 

1.0 

122.4 

4; 

2.5 

40.3 

Setting  4 

Tempo  SC  Ultra 

30.0 

0.3 

83.5 

4- 

0.3 

159.0 

4- 

0.5 

26.1 

Setting  6 

Tempo  SC  Ultra 

31.6 

0.2 

89.3 

4- 

0.5 

184.8 

4- 

3.5 

23.4 

Stihl  SR400 

Setting  1 

Aqua-Reslin  (1:1) 

20.9 

1.2 

49.9 

± 

0.2 

98.3 

■±_ 

2.0 

53.4 

Setting  1 

Aqua-Reslin  (1:44) 

16.5 

0.9 

45.6 

4^ 

1.3 

81.8 

-± 

3.7 

59.9 

Setting  4 

Aqua-Reslin  (1:44) 

28.2 

-+- 

0.6 

76.2 

4- 

1.6 

137.3 

4- 

1.4 

29.1 

Setting  6 

Aqua-Reslin  (1:44) 

30.0 

-F 

0.15 

81.2 

0.4 

152.5 

3.1 

26.6 

Stihl  SR400  with 

electrostatic  nozzle 

Aqua-Reslin  (1:44) 

26.2 

-+- 

0.1 

71.1 

± 

0.4 

126.9 

+_ 

1.4 

31.6 

Turbair  Electrafan 

0.1%  Triton  X 

33.3 

4- 

1.1 

47.2 

4- 

0.9 

74.4 

4- 

2.2 

64.6 

ULVAFAN 

0.1%  Triton  X 

36.7 

4- 

4.1 

63.3 

-F 

5.3 

117.4 

4; 

4.3 

32.0 

ULVAFAN 

Tempo  SC  Ultra 

59.0 

4- 

5.5 

90.5 

5.6 

123.7 

■+ 

4.6 

6.2 
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Table  4.  Atomization  parameters  for  oil-based  sprays. 

Sprayer 

Spray  solution 

Dvo.i 

(pm  ±  SD) 

Dvo+ 

(pm  ±  SD) 

Dvo.9 

(pm  ±  SD) 

%vol 
<  52  pm 

Colt  ULV 

BVA  13  ULV  Oil 

3.2  ± 

1.1 

11.7  ± 

1.7 

28.6 

6.8 

99.3 

Leco  P-1 

BVA  13  ULV  Oil 

11.9  ± 

0.4 

49.3  ± 

1.0 

101.9 

9.4 

53.6 

Stihl  SR400 

Setting  1 

BVA  1 3  ULV  Oil 

9.4  ± 

1.8 

36.9  ± 

2.2 

90.4 

-A- 

4.9 

66.4 

Setting  2 

BVA  1 3  ULV  Oil 

15.6  ± 

0.1 

55.8  ± 

0.4 

109.9 

2.7 

46.9 

Setting  3 

BVA  13  ULV  Oil 

21.9  ± 

0.8 

73.2  ± 

11.2 

265.9 

18.5 

35.1 

Setting  4 

BVA  13  ULV  Oil 

21.5  ± 

0.6 

71.3  ± 

2.9 

142.4 

11.9 

34.9 

Setting  5 

BVA  13  ULV  Oil 

22.5  ± 

0.8 

76.2  ± 

4.5 

156.0 

16.2 

32.8 

Setting  6 

BVA  13  ULV  Oil 

23.1  ± 

0.4 

76.8  ± 

2.1 

165.7 

11.4 

31.9 

Turbair  Electrafan 

BVA  13  ULV  Oil 

37.5  ± 

7 

84.3  ± 

1 

116.8 

4.4 

18.4 

ULV A FAN 

BVA  13  ULV  Oil 

36.6  ± 

17.6 

92.4  ± 

44.5 

225.2 

47.1 

26.4 

Colt  ULV 

Anvil  10+10® 

7.8  ± 

0.2 

14.1  ± 

0.1 

27.2 

2.0 

99.4 

Leco  P-1 

Anvil  10+10 

14.4  ± 

0.1 

51.5  ± 

2.2 

95.0 

± 

5.1 

51.3 

Stihl  SR400 

Setting  1 

Anvil  10+10 

6.0  ± 

2.6 

33.4  ± 

4.1 

83.5 

3.1 

70.2 

Setting  4 

Anvil  10+10 

22.1  ± 

0.1 

70.0  ± 

0.3 

138.1 

+ 

0.3 

35.2 

Setting  6 

Anvil  10+10 

23.6  ± 

0.6 

74.0  ± 

1.3 

147.7 

2.94 

32.7 

ULVAFAN 

Anvil  10+10 

38.5  ± 

5.2 

81.3  ± 

3.2 

111.7 

3.6 

20.2 

76.8  pm  and  31.9%,  respectively,  while  the  Anvil 
10+10  solution  produced  a  DVo.s  and  a  %vol  < 
52  pm  of  74.0  pm  and  32.7%,  respectively. 

The  Anvil  10+10  label  states  that  when  the 
product  is  used  with  portable  ULV  sprayers  the 
recommended  droplet  size  is  “in  the  5  to 
25  micron  range.”  As  seen  in  the  previous  results, 
the  Colt  ULV  sprayer  was  the  only  one  that  met 
this  label  requirement. 

CONCLUSIONS 

The  atomization  characteristics  from  5  hand¬ 
held  sprayers  were  evaluated  with  the  use  of 
water-  and  oil-based  solutions.  There  were 
significant  differences  in  the  droplet  spectrum 
generated  by  the  different  sprayers.  Generic 
solutions  were  used  to  simulate  the  physical 
properties  of  some  of  the  active  ingredient 
solutions.  The  volume  median  diameter  of  the 
equipment  tested  ranged  from  14.9  to  90.5  pm  for 
the  water-based  solutions  and  from  11.7  to 
92.4  pm  for  the  oil-based  solutions.  The  electro¬ 
static  nozzle,  which  was  fitted  onto  the  Stihl  400, 
produced  a  droplet  spectrum  similar  to  many  of 
the  other  sprayers  tested.  The  atomization  data  in 
this  manuscript  will  aid  equipment  operators  in 
making  an  informed  decision  when  selecting 
equipment  and  operational  parameters. 

ACKNOWLEDGMENTS 

This  study  was  supported  by  a  grant  from  the 
Deployed  War-Fighter  Protection  Research  Pro¬ 
gram,  funded  by  the  US  Department  of  Defense 
through  the  Armed  Forces  Pest  Management 


Board.  The  authors  would  also  like  to  thank  the 
following  persons  for  their  contributions  to  this 
project:  P.  Jank  and  C.  B.  Flarris  for  their 
assistance  during  data  collection.  Bill  Janey  with 
Clarke  Mosquito  for  supplying  the  Anvil  10+10, 
and  Nonggang  Bao  with  Bayer  Cropscience  for 
supplying  the  Aqua-Reslin. 


REFERENCES  CITED 

Bouse  LF,  Kirk  IW,  Bode  LE.  1990.  Effect  of  spray 
mixture  on  droplet  size.  Trans  ASAE  ( Am  Soc  Agric 
Eng)  33:783-788. 

Brown  JR,  Steinke  WE,  Zhai  J,  Sykes  D.  1998.  Aqua- 
Reslin®  droplet  analysis.  J  Am  Mosq  Control  Assoc 
14:467-469. 

Brown  JR,  William  DC,  Melson  RO,  Gwinn  T.  1997. 
An  electrostatic  backpack  sprayer:  potential  for 
mosquito  control.  J  Am  Mosq  Control  Assoc 
13:90-91. 

Butler  E,  Miller  MC,  Miller  PCH.  2001.  How  surface 
tension  of  surfactant  solutions  influence  the  char¬ 
acteristics  of  spray  produced  by  hydraulic  nozzles 
used  for  pesticide  application.  Colloids  Interfaces  A: 
Physiochem  Eng  Asp  180:267-276. 

Coffee  RA.  1979.  Electrostatic  energy:  a  new  approach 
to  pesticide  application.  Proc  Br  Crop  Prot  Con  Pests 
3:777-789. 

Crockett  RJ,  Dennett  JA,  Ham  CM,  Nunez  RD, 
Meisch  MV.  2002.  Efficacy  of  Biomist  30:30®  and 
Aqua  Reslin®  against  Anopheles  quadrimaculatus  in 
Arkansas.  J  Am  Mosq  Control  Assoc  18:68-69. 

Curtis  GA,  Beidler  EJ.  1996.  Influence  of  ground  ULV 
droplet  spectra  on  adulticide  efficacy  for  Aedes 
taeniorhvnchus.  J  Am  Mosq  Control  Assoc  12: 
368-371. 

Ham  CM,  Brown  JR,  Musser  RO,  Rutledge  CR, 
Meisch  MV.  1999.  Comparison  of  electrostatic  versus 
nonelectrostatic  ULV  sprays  of  Aqua  Reslin®  against 


320 


Journal  of  the  American  Mosquito  Control  Association 


Vol.  23,  No.  3 


Anopheles  quadrimaculatus  adults.  J  Am  Mosq  Con¬ 
trol  Assoc  15:312-314. 

Himel  CM.  1969.  The  optimum  size  for  insecticide 
spray  droplets.  J  Econ  Entomol  62:919-926. 

Hoffmann  WC,  Hewitt  AJ.  2005.  Comparison  of  three 
imaging  systems  for  water-sensitive  paper.  Appl  Eng 
Agric  21:961-964. 

Inman  A,  Zhai  J,  Munns  HB.  1997.  Field  evaluation  of 
Aqua  Reslin  20-20  and  Permanone  31-66  against 
Aedes  nigromaculis  in  Merced  County.  Proc  Mosq 
Vector  Control  Assoc  Calif  65:63-65. 

Lane  MD,  Law  SE.  1982.  Transient  charge  transfer  in 
living  plants  undergoing  electrostatic  spray.  Trans 
ASAE  (Am  Soc  Agric  Eng)  25:1148-1153,  1159. 

Lofgren  CS,  Anthony  DW,  Mount  GA.  1973.  Size  of 
aerosol  droplets  impinging  on  mosquitoes  as  de¬ 
termined  with  a  scanning  electron  microscope.  J  Econ 
Entomol  66:1085-1088. 

Matthews  GA.  1988.  Pesticide  application  method.  3rd 
ed.  Singapore:  Longman  Singapore. 

Meisch  MV,  Dame  DA,  Brown  JA.  2005.  Aerial  ultra- 
low- volume  assessment  of  Anvil  10+10  against 


Anopheles  quadrimaculatus.  J  Am  Mosq  Control 
Assoc  2 1 : 30 1  -304. 

Mount  GA,  Lofgren  CS,  Baldwin  KF,  Pierce  NW. 
1970.  Droplet  size  and  mosquito  kill  with  ultralow 
volume  aerial  sprays  dispersed  from  a  rotary-disc 
nozzle.  Mosq  News  30:331-334. 

Picot  JJC,  Bontemps  X,  Kristmanson  DD.  1985. 
Measuring  spray  atomizer  droplet  spectrum  down 
to  0.5  pm  size.  Trans  ASAE  (Am  Soc  Agric  Eng )  28: 
1367-1370. 

Rathburn  CB.  1970.  Methods  for  assessing  droplet  size 
of  insecticidal  sprays  and  fogs.  Mosq  News  30: 
501-513. 

Threadgill  ED,  Smith  DB.  1975.  Effect  of  physical  and 
meteorological  parameters  on  drift  of  controlled-size 
droplets.  Trans  ASAE  ( Am  Soc  Agric  Eng)  18:51-56. 

Young  BW.  1986.  Practical  applications  of  the  Particle 
Measuring  Systems  two-dimensional  imaging  spec¬ 
trometer.  Pestic  Form  Appl  Syst  5:128-133. 

Younglove  T,  McCool  PM.  1994.  Droplet  size  charac¬ 
terization  of  three  aerial  malathion  spray  programs. 
Bull  Environ  Contam  Toxicol  53:493-500. 


